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Abstract 

Selection of transit systems is one of the most complicated decisions as it concerns several decision factors and stakeholders. 
Governments’ objectives are to maximize overall social, economic and environmental benefits including connectivity and mobility 
enhancement, transport service equality, economic revitalization, and environmental restoration but to minimize all possible 
conflicts. Designers and developers’ objectives are to minimize construction time but to maximize network expansion 
opportunities. Financial institutes’ objectives is to minimize the investment costs including capital and operating costs. 
Communities’ objectives are to minimize environment impacts, traffic impact, land acquisition, and loss of revenues on the local 
transport modes but to maximize road users’ safety. Transit users and operators’ objective is to maximize riding comfort, mobility 
and accessibility. Each stakeholder’s objectives are usually conflicting with the others’. To avoid and resolve such conflicts, 
governments or policy makers need a decision tool to help them make a transit choice that not only satisfies but also balances all 
stakeholders’ needs. This research study introduces a transit system selection model that is developed on the multi-attribute utility 
theory (MAUT) to normalize the score of the alternative in each decision factor and criteria and the rank-order centroid (ROC) 
theory to allocate weights to each decision factor and criteria. Finally, the final decision is suggested by the proposed multi-actor 
multi-criteria decision model. A decision to Bangkok feeder system choice is considered as a case study. 
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1. Introduction 

Selection of transit systems is one of the most complicated decisions as it concerns several decision factors and 
stakeholders. Governments’ objectives are to maximize overall social, economic and environmental benefits including 
connectivity and mobility enhancement, transport service equality, economic revitalization, and environmental 
restoration but to minimize all possible conflicts. Designers and developers’ objectives are to minimize construction 
time but to maximize network expansion opportunities. Financial institutes’ objectives are to minimize investment 
costs including capital and operating costs. Communities’ objectives are to minimize environment impacts, traffic lane 
intrusion, land acquisition, and loss of revenues on the local transport modes but to maximize road users’ safety. 
Transit users and operators’ objective is to maximize riding comfort, safety, mobility and accessibility. Each 
stakeholder’s objectives are usually conflicting with the others’. To avoid and resolve such conflicts, governments or 
policy makers need a decision-making tool to help them make a transit development decision choice that not only 
satisfies but also balances all stakeholders’ needs. 

2. Literature reviews 

2.1. Mass rapid and semi-rapid transit network in Bangkok 

The existing mass rapid and semi-rapid transit network in Bangkok, as shown in Fig. 1, is composed of four 
distinguishing systems including Bangkok Mass Transit System (BTS Skytrain) with a total length of approximately 
37 kilometers and 34 stations and Bangkok Bus Rapid Transit (Bangkok BRT) with a total length of approximately 
16 kilometers and 12 stations operated by Bangkok Mass Transit System Public Company Limited (BTSC) under the 
concession of the Bangkok Metropolitan Administration (BMA), Metropolitan Rapid Transit (MRT Underground 
Train) with a total length of approximately 21 kilometers and 18 stations operated by the Bangkok Metro Public 
Company Limited (BMCL) under a concession of the Mass Rapid Transit Authority of Thailand (MRTA), and 
Suvarnabhumi Airport  Rail Link (SARL) with a total length of approximately 44 kilometers and 11 stations operated 
by the State Railway of Thailand. Considering the population of approximately 8.4 million habitats (Ministry of 
Interior, 2011) in the vicinity of 1,570 square kilometers of Bangkok, the existing network provides a service coverage 
of approximately only 14 kilometers per million of capita or 0.048 stations per square kilometers which is lower than 
a half of the service coverage provided by each of the other major capital cities in Asia including Beijing (38, 0.197), 
Seoul (31.3, 0.499), Singapore (33.5, 0.187), Tokyo (34, 0.458) as appeared in LTA Academy (2013), please noted 
that the units of figures in the parenthesis are kilometers per million of capita and stations per square kilometers, 
respectively. These figures indicate that the accessibility of mass rapid transit network in Bangkok is still limited and 
needs major improvement. The government of Thailand plans to expand the mass rapid transit network in Bangkok 
to cover a total length of 495 kilometers within the year 2029. To fulfill such unprecedented target, capital intensive 
and time-consuming effort is expected. Therefore, a parallel plan is to develop feeder transit systems to enhance the 
accessibility of residents to the core transit network as soon as possible. The needs for alternative transit systems are 
not only limited with Bangkok but also extended to other regional hubs in Thailand which are also facing chronical 
problems in traffic congestion.  

2.2. Feeder transit system selection criteria 

A feeder transit system is defined by AASHTO (2009) as a local public transit service that provide access or egress 
transport between trip origins or destinations and mass rapid transit stations, intermodal transfer facilities or terminals. 
According to Garrison and Levinson (2014), there are emerging urban transit system technologies considered by 
transport planners to function as feeder transit systems including Monorail, Automated guided transit (AGT), Light 
rail transit (LRT), High speed surface transport (HSST) in addition to the more conventional ones including tram and 
Bus rapid transit (BRT). These transit systems are expected to fill the gap of transportation services between bus and 
railway with the service range of between 3,000 to 10,000 passengers – kilometers per day per direction in travelling 
distance of 1 to 10 kilometers. Selecting an appropriate feeder transit system for a city is one of the crucial decisions 
for city and transport planners. A trade-off between system performance and capital cost is needed to be carefully 
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considered. High performance system means high transit mobility that may attract more patronage to public transit 
but inevitably result in higher capital costs that contribute to higher transit fare, lower network coverage, lower 
accessibility and equality after all.   

 

Fig. 1. The existing mass rapid and semi-rapid transit network in Bangkok  
Source: Bangkok Mass Transit System PCL, reprinted with permission 

 
Under such complicated situation, decision makers need to rely on a robust decision-making tool to help select the 

most appropriate option that not only satisfies but also balances all stakeholders’ needs. Previous research studies 
show that there are several decision factors involved in the decision making process for feeder transit systems. For 
example, Fouracre et al (1990) conducted a study of the performance and impact of rail mass transit in develop 
counties and suggested some threshold requirements needed for successful mass rapid transit planning including a 
travel demand, bus ridership, population size, income, economic growth, city expansion, management, operation 
management, financial support. Luke and MacDonald (2006) reviewed international practice in public transport mode 
selection by comparing the decision choices among various cities in the United Kingdom, Australia and Canada and 
investigating relevant decision factors as concluded in Table 1. 

US EPA (2011) suggest twelve sustainable transportation performance measures for transit project development 
including transit accessibility, bicycle and pedestrian mode share, vehicle-kilometer-travel per capita, carbon intensity, 
mixed land uses, transportation affordability, benefits by income group, land consumption, bicycle and pedestrian 
activity and safety, bicycle and pedestrian level of service, average vehicle occupancy, and transit productivity. Amiril 
et al (2014) suggest land use, environment impacts, economic evaluation, social impacts, engineering and resource, 
as well as project management to be considered in transit project planning. 
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Table 1. List of decision choices and relevant decision factors by city and country 
Country City Decision 
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The UK Luton – 
Dunstable 

BRT                   

Cross River Tram                   

Australia Adelaide Guided 
Busway           
(O-Bahn) 

                  

Brisbane BRT                   

Gold Coast LRT                   

Sydney BRT                   

Canada Ottawa BRT                   

Source: Luke and MacDonald (2006), compiled by the authors 
 

2.3. Feeder transit system selection 

Recently, Macharis and Bernardini (2015) review the applications of multi-criteria decision analysis (MCDA) 
techniques in transport project evaluation classified by relevant fields and problems. The MCDA is defined by 
Zopounidis and Doumpos (2015) as the advanced operating research and management science dedicated to the 
development of decision support system to address complicated decision problems mostly under various conflicting 
objective criteria. 

Among various MCDA techniques, the dominant techniques adopted in transport research problems include 
• Analysis hierarchy process or AHP dominates one third of transport project assessment worldwide especially 

in the United State. Analytical Network Process or ANP which is a derivative of AHP is adopted by Topcu 
and Onar (2011) to assess and assist in decisions made on feeder transit choices based on conflicting decision 
criteria in Istanbul, Turkey.   

• Fuzzy set is widely used in various field of studies including artificial intelligence, computer science, medical 
science, control engineering, decision making, expert systems logic, management science, operation research, 
pattern recognition, and robots. It involves 14 percent of transport project assessment. 

• The multi actor multi criteria analysis or MAMCA is the emerging MCDA techniques that consider not only 
qualitative and quantitative decision criteria but also the objectives of each stakeholder involved in the 
decision. It involves 12 percent of transport project assessment. 

• ELECTRE originated in France between the 70th and 80th decades but widely used in the 80th decade. It takes 
7 percent share of transport project assessment. 

• PROMETHEE or Preference Ranking Organization Method for Enrichment Evaluations is one of the 
Outranking MCDA techniques for evaluating a limited set of alternatives that need to be sorted and selected 
according to the predetermined criteria which are usually conflicting. It takes 6 percent share of transport 
project assessment. 

Linkov et al (2006) compare characteristics strength and weakness among above techniques as shown in Table 2. 
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Table 2. Comparison of characteristics strength and weakness among AHP, Fuzzy set theory, the MAMCA, and outranking 
MCDA Techniques Characteristics Strength Weakness 

Analytical hierarchy 
process (AHP) 

Criterion weight and alternative 
score is based on pairwise 
comparison of criteria and 
alternatives. 

Theoretically sound as it is derived 
from utility philosophy. Simple to 
use. Need not to convert all 
decision criteria into monetary 
term. 

Weights from pairwise comparison 
is criticized that do not truly 
represent the person preference 
especially when the prioritization 
process in AHP sometimes does 
not comply with transition rules 

Fuzzy set theory Solve the problems with imprecise 
and uncertain data. 

 

Capable of inputting imprecise data 
and applying some decision rules 
to solve complicated problems. 

 

System development is 
sophisticated in some cases and 
needs several simulations before 
real world applications. 

The multi actor multi 
criteria analysis 
(MAMCA) 

The MCDA under multiple 
stakeholders, objectives of every 
stakeholder are taken into account. 

Incorporate all stakeholders’ needs. 

 

Cautions needed for weighting of 
decision criteria to avoid subjective 
bias. 

Outranking One alternative is preferred to 
another if it is superior according to 
the predefined criteria but not 
inferior to another by other criteria. 
Allow incomparable alternatives to 
be defined. 

No need to normalize all criteria 
into one comparable unit. There is 
possibility that the alternative with 
very low score in particular criteria 
can be discarded even when the 
overall alternative score is raised 
by other superior criterion scores.  

Superior criterion score cannot 
compensate for the inferior one. 
Difficult to understand by decision 
makers. 

 

Source: Linkov et al (2006), compiled by the authors 
 

Among the mentioned techniques, Macharis and Bernardini (2015) suggested that multi-actor multi-criteria 
analysis (MAMCA) will dominate future research directives.    

3. Methodology 

3.1. Overview 

The research methodology comprises the following steps. First, identifying relevant stakeholders and their 
objectives as well as decision criteria and candidate alternatives needs to be taken into consideration. Next, decision 
factors relevant to each decision criteria are identified by related stakeholders. Then, the measurement of decision 
factor on each alternative is quantified. If it is not quantifiable or identified as a qualitative measure, then a rating scale 
is applied with certain rules depending on whether the impacts on stakeholders are positive or negative. Then, the 
obtained measurement is normalized into normalized score and the weight of each decision factor is assigned. By 
multiplying the normalized score with relevant weight, the weighted score of each decision criterion on each 
alternative is obtained. Then each stakeholder is allowed to judge and weight each decision criterion. The obtained 
weight when multiplied with its weighted score yields the final score of each alternative. Each stakeholder will finally 
have the ranking of alternatives based on the final score obtained. All stakeholder compares the obtained ranking with 
one another. Finally, the alternative which satisfies most stakeholders without upsetting any particular stakeholder or 
yields the highest equity among one another will finally be selected according to the Multi-actor multi-criteria analysis 
(MAMCA) principle. The research framework is as shown in Fig.2    

3.2. Problem identification 

Problem identification is the very first important step that needs policy makers’ attention. According to the literature 
review, most of the research in the past consider engineering, economic and environment as major decision criteria. 
However attributes regarding to service, which influence patronage, operating cost and consequently economic and 
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financial sustainability of the system, have not much been mentioned. Therefore, this research suggests that service 
should be taken into account as another decision criterion apart from those mentioned earlier. In the context of this 
research, designers and developers, financial institutes, communities, and operators and users are key stakeholders 
whose decision criteria include engineering, economic and financial, environment, and service, respectively. 
Difficulty in construction, difficulty in utility relocation, flexibility in network expansion are major decision factors 
under engineering decision criteria. Capital cost and operating and maintenance cost are major decision factors under 
economic and financial decision criteria. Air pollution, noise pollution, aesthetic impact, traffic impact, land 
acquisition, traffic safety, and impacts on other transit operators are major decision factors under environment decision 
criteria. Finally, effective capacity, distance between station, headway, convenience of access and transfer, equity, 
reliability, availability of spare parts, flexibility in operation plans, riding comfort and safety, and evacuation readiness 
are major decision factors under service decision criteria. Alternatives on Bangkok feeder system as a herein case 
study include surface and elevated bus rapid transit (BRT), tram, monorail, and light rail transit (LRT).  List of decision 
criteria and their relevant stakeholders and decision factors are as shown in Table 3. 

Fig. 2. Research framework. 

3.3. Measurement and scoring system 

To measure how one alternative is better off, the scoring system is proposed. First, measurement of each decision 
factor needs to be quantified. If it is not quantifiable, then quality of such decision factor is evaluated instead based 
on 5-level Likert scale. How the decision factors affect stakeholders defines the directions of rating scale. If the 
decision factor has positive impacts on stakeholders, then the rating scale varies forwardly. On the other hand, if 
negative impacts appear, then the rating scale varies inversely, as shown in Table 4.  

Because each decision factor has different measurement units, it is important to normalize each measurement into 
normalized score (between 0 and 1) based on the Multi-attribute utility theory (MAUT) as followed 

Identify 
stakeholders, 
objectives,              

decision criteria, 
decision factors, 

alternatives

Measurement 
of decision 
factors by 
alternative

Normalize 
score of 
decision 

factors by 
alternative

Assign weight 
to decision 

factors under 
decision 
criterion  

Weighted 
score by 
decision 
criteria

by stakeholder

Assign weight 
to decision 

criteria  

by stakeholder

Final score by 
alternative

Ranking of 
alternative by 
stakeholder

Alternative that 
mutually satisfy 
all needs with 

the highest 
equity

by stakeholder
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Table 3. List of decision criteria, stakeholders and decision factors. 

 Decision 
criteria 

Stakeholder Decision factor 

   Type of factors and 
impacts positive (+) 
or negative (-)  

Unit 

1 Engineering Designers 
and 
developers 

1.1   Difficulty in construction  Qualitative  (-) Rating scale 

  1.2   Difficulty in utility relocation Qualitative  (-) Rating scale 

  1.3   Flexibility in network expansion Qualitative  (+) Rating scale 

2 Economic and 
financial 

Financial 
institutes 

2.1   Capital cost  Quantitative (-) Million baht per 
kilometer 

   2.2   Operating and maintenance cost Quantitative (-) Baht per revenue 
hour – transit unit 

3 Environmental Communities 3.1   Air pollution  Qualitative  (-) Rating scale 

   3.2   Noise pollution Qualitative  (-) Rating scale 

   3.3   Aesthetic impact Qualitative  (-) Rating scale 

   3.4   Traffic impact  Qualitative  (-) Rating scale 

   3.5   Land acquisition  Qualitative  (-) Rating scale 

   3.6   Traffic safety Qualitative  (+) Rating scale 

   3.7   Impact on other transit operators Qualitative  (-) Rating scale 

4 Service Operators 
and users 

4.1   Effective capacity  Quantitative (+) 1,000 passenger-
kilometer per hour2 
per direction 

   4.2   Distance between station Quantitative (-) kilometers per 
interval 

   4.3   Headway Quantitative (-) Minutes per transit 
unit  

   4.4   Convenience of access and transfer Qualitative  (+) Rating scale 

   4.5   Equity Qualitative  (+) Rating scale 

   4.6   Reliability Qualitative  (+) Rating scale 

   4.7   Availability of spare parts Qualitative  (+) Rating scale 

   4.8   Flexibility in operation plans Qualitative  (+) Rating scale 

   4.9   Riding comfort and safety Qualitative  (+) Rating scale 

   4.10 Evacuation readiness Qualitative  (+) Rating scale 

 
• For qualitative decision factor and quantitative decision factor which has positive impacts on stakeholders, the 

normalized score is as Eq. 1 
 
       
                    (1) 

 

 
• For quantitative decision factor which has negative impacts on stakeholders, the normalized score is as Eq. 2 
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Where 
 
  Normalized score of alternative ai for decision factor j 
  Measurement of alternative ai for decision factor j 
min �𝑓𝑓𝑗𝑗�   Minimum measurement among all alternatives for decision factor j 
max �𝑓𝑓𝑗𝑗�   Maximum measurement among all alternatives for decision factor j 
 

     Table 4. Rating scale of qualitative decision factor. 

Rating scale Level of impacts on stakeholders 

Positive impact Negative impact 

1 Very low Very high 

2 Low High 

3 Moderate Moderate 

4 High Low 

5 Very high Very low 

3.4. Weighting system 

Weighting of decision criteria process is one of the most crucial tasks that needs to be transparent and accountable 
to avoid controversy among stakeholders. According to the literature review, most of the multi-criteria analysis and 
multi-criteria decision analysis techniques in the past rarely explained how to cope with bias or controversy that may 
occur during the weighting process. Even the popular analytical hierarchy process (AHP), the source of weights 
applied in the process is not clearly explained and the weighting process may not be practical or understandable for 
some groups of stakeholders such as community.  To fill this gap of knowledge, this research suggests the rank-order 
centroid (ROC) weighting method by Roszkowska (2013) as appropriate weighting approach for stakeholders to 
weigh not only the decision factors under their own control but also all decision criteria whether or not such decision 
criterion is under its own control. 

 
First, each stakeholder is asked to prioritize and rank the order of decision factors under its own decision criterion. 

The rank-order centroid (ROC) weight is determined as Eq. 3 
 
 

(3) 
 
Where 
𝑤𝑤𝑗𝑗𝑗𝑗    Rank-order centroid (ROC) weight assigned to decision factor j under decision criteria k 
𝑗𝑗𝑗𝑗   Order of decision factor j under decision criteria k 
𝐽𝐽𝑗𝑗   Total number of decision factors under decision criteria k 
 
Then, each stakeholder is allowed to prioritize and rank the order of all decision criteria whether or not such 

decision criterion is under its own control. The rank-order centroid (ROC) weight is determined as Eq. 4 
                   
                     (4) 
 
Where 
𝑤𝑤𝑗𝑗    Rank-order centroid (ROC) weight assigned to decision criteria k  
𝑘𝑘   Order of decision criteria k 
𝐾𝐾   Total number of decision criteria  
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3.5. Weighted score 

The summation of products between the weights and normalized scores of the decision factors yields the weighted 
score of each alternative by decision criteria. Then, the summation of products between the weights and weighted 
score yields the final score of the alternative by stakeholder as Eq. 5  

 
 

(5) 
 
 
Where 
  Final score of the alternative ai for stakeholder p, 
  Normalized score of alternative ai for decision factor j under decision criteria k,   
 Rank-order centroid (ROC) weight assigned to decision factor j under decision criteria k by 

stakeholder p, 
   Rank-order centroid (ROC) weight assigned to decision criteria k by stakeholder p, 
𝐽𝐽𝑗𝑗   Total number of decision factors under decision criteria k, 
𝐾𝐾   Total number of decision criteria.  

3.6. Decision analysis 

The decision analysis process of this study is illustrated by Fig.3. In summary, each stakeholder needs to prioritize 
decision factors under the relevant decision criteria in order that the weight of each decision factor is determined. The 
summation of the product between the measurement of each decision factor and its weight results in the normalized 
score of each decision criteria.  Each stakeholder then needs to prioritize decision criteria in order that the weight of 
each decision criteria is determined. The summation of the product between the normalized score of each decision 
criteria and its weight yields the normalized score of each alternative.   

3.7. Multi-actor multi-criteria analysis (MAMCA) model  

It is common that different stakeholders should have different view and weight on all decision criteria. To arrive at 
a consensus on mutually agreed transit choice, an effectiveness and equity diagram developed by Sirikijpanichkul 
(2008) as shown in Fig. 4 is proposed to be adopted in the evaluation of transit alternatives of this research.  
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Fig. 3. Decision analysis process. 
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Fig. 4. Effectiveness and equity diagram  
Source: Sirikijpanichkul (2008) 

 
To maximize stakeholders’ equity as well as the effectiveness of the transit choice decision, the distance away the 

most preferable state in the effectiveness and equity diagram needs to be minimized as Eq. 6 and Eq. 7.  
                         

                 (6) 
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Gini coefficient by Gini (1921) of all stakeholders’ preferences on the selected alternative As  

     derived  from the Lorenz curve by Lorenz (1905) as shown in Fig. 5. 
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 Final score of the selected alternative As for stakeholder p. 
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Fig. 5. Graphical representation of the Lorenz curve 
Source: Adapted from Lorenz (1905) 

4. Results 

To demonstrate how the research is applicable in real world problem, a case study of Bangkok feeder system 
selection is considered.  

4.1. Determining total weighted score of each transit system alternative by decision criteria 

Measurement of each decision factor for Bangkok feeder transit system selection needs to be quantified by its 
relevant stakeholder. If it is not quantifiable, then quality of such decision factor is evaluated instead based on 5-level 
Likert scale. How the decision factors affect stakeholders defines the directions of rating scale. If the decision factor 
has positive impacts on stakeholders, then the rating scale varies forwardly. On the other hand, if negative impacts 
appear, then the rating scale varies inversely, as shown in Table 5. Because each decision factor has different 
measurement units, it is important to normalize each measurement into normalized score (between 0 and 1) based on 
the Multi-attribute utility theory (MAUT) as shown in Table 6. Next, each stakeholder is asked to prioritize and rank 
the order of decision factors under its own decision criterion. Then, the rank-order centroid (ROC) weighting method 
is adopted to calculate the ROC factor weight in accordance with the assigned rank order to the decision factor as 
shown in Table 7. The summation of products between the ROC factor weights and normalized scores of the decision 
factors yields the weighted score of each alternative by decision criteria as shown in Table 8. Next, each stakeholder 
is asked to prioritize and rank the order of all decision criteria whether or not such decision criterion is under its own 
control. Then, the rank-order centroid (ROC) weighting method is adopted to calculate the ROC criteria weight in 
accordance with the assigned rank order to the decision criteria as shown in Table 9. Then, the summation of products 
between the ROC criteria weights and weighted criteria score yields the final score of alternative by stakeholder as 
shown in Table 10 and Table 11. The ranked orders of preferred alternatives in accordance with the final score of 
alternatives by each stakeholder are summarized in Table 11. 

 

% Cumulative number of stakeholders 0 

100 % % Cumulative final weighted 
scores of stakeholders 

Perfect inequality 
line 

( ) / ( )all sG A A A B= +A 

B 
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Table 5. Measurement of decision factors by transit system alternative. 
 

Decision criteria Decision factor Unit Measurement of decision factor by transit system alternative 

Surface BRT Elevated BRT Tram 

Quantitative Qualitative Quantitative Qualitative Quantitative Qualitative 

1 Engineering 

 

1.1  Difficulty in 
construction 

Rating scale (-) 3 Moderate 1 Very high 4 Low 

1.2 Difficulty in 
utility relocation 

Rating scale (-) 4 Low 3 Moderate 4 Low 

1.3 Flexibility in 
network 
expansion 

Rating scale (+) 5 Very high 2 Low 5 Very high 

2  Economic & 
financial 

 

2.1  Capital cost Million baht per 
kilometer 

2,100 - 4,900 - 7,000 - 

2.2  Operating & 
maintenance 
cost 

Baht per revenue 
hour – transit unit 

2,255 - 4,650 - 1,860 - 

3 Environmental 

 

3.1  Air pollution Rating scale (-) 1 Very high 2 High 4 Low 

3.2  Noise pollution Rating scale (-) 1 Very high 2 High 3 Moderate 

3.3  Aesthetic impact Rating scale (-) 4 Low 1 Very high 5 Very low 

3.4  Traffic impact Rating scale (-) 1 Very high 4 Low 3 Moderate 

3.5  Land acquisition Rating scale (-) 1 Very high 4 Low 1 Very high 

3.6  Traffic safety Rating scale (+) 3 Moderate 4 High 3 Moderate 

3.7  Impact on other 
transit operators 

Rating scale (-) 3 Moderate 4 Low 3 Moderate 

4 Service 4.1  Effective 
capacity 

1,000 passenger-
kilometer per hour 
per direction 

242 - 495 - 120 - 

4.2  Distance 
between station 

Kilometers per 
interval  

1 - 1.4 - 0.4 - 

4.3  Headway Minutes per transit 
unit 

15 - 10 - 10 - 

4.4  Convenience of 
access and 
transfer 

Rating scale (+) 3 Moderate 4 High 3 Moderate 

4.5  Equity Rating scale (+) 5 Very high 3 Moderate 5 Very high 

4.6  Reliability Rating scale (+) 4 High 5 Very high 3 Moderate 

4.7  Availability     
of spare parts 

Rating scale (+) 4 High 4 High 3 Moderate 

4.8    Flexibility in  
operation  
plans 

Rating scale (+) 5 Very high 5 Very high 5 Very high 

4.9    Riding comfort 
&  
safety 

Rating scale (+) 2 Low 3 Moderate 3 Moderate 

4.10 Evacuation    
readiness 

Rating scale (+) 5 Very high 5 Very high 5 Very high 
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Table 5. Measurement of decision factors by transit system alternative (Continued). 
 

Decision criteria Decision factor Unit Measurement of decision factor by transit system alternative 

Monorail Elevated LRT 

Quantitative Qualitative Quantitative Qualitative 

1  Engineering 

 

1.1   Difficulty in construction Rating scale (-) 2 High 1 Very high 

1.2   Difficulty in utility relocation Rating scale (-) 3 Moderate 3 Moderate 

1.3   Flexibility in network expansion Rating scale (+) 3 Moderate 2 Low 

2  Economic & 
financial 

 

2.1   Capital cost Million baht per 
kilometer 

14,000 - 12,600 - 

2.2   Operating & maintenance cost Baht per revenue 
hour – transit unit 

9,750 - 7,170 - 

3  Environmental 

 

3.1   Air pollution Rating scale (-) 5 Very low 5 Very low 

3.2   Noise pollution Rating scale (-) 5 Very low 4 Low 

3.3   Aesthetic impact Rating scale (-) 2 High 1 Very low 

3.4   Traffic impact Rating scale (-) 5 Very low 4 Low 

3.5   Land acquisition Rating scale (-) 4 Low 3 Moderate 

3.6   Traffic safety Rating scale (+) 4 High 4 High 

3.7   Impact on other transit operators Rating scale (-) 4 Low 4 Low 

4  Service 4.1   Effective capacity 1,000 passenger-
kilometer per hour 
per direction 

563 - 600 - 

4.2   Distance between station Kilometers per 
interval  

1.4 - 1.25 - 

4.3   Headway Minutes per transit 
unit 

10 - 10 - 

4.4   Convenience of access and transfer Rating scale (+) 4 High 4 High 

4.5   Equity Rating scale (+) 2 Low 2 Low 

4.6   Reliability Rating scale (+) 5 Very high 5 Very high 

4.7   Availability of spare parts Rating scale (+) 2 Low 2 Low 

4.8   Flexibility in operation plans Rating scale (+) 3 Moderate 2 Low 

4.9   Riding comfort & safety Rating scale (+) 5 Very high 5 Very high 

4.10 Evacuation readiness Rating scale (+) 2 Low 3 Moderate 

 
Note: + represent the factor with positive impact, - represents the factor with negative impact 

4.2. Multi-actor multi-criteria analysis (MAMCA) model  

The average of final weighted score of all stakeholders by each alternative yield the Effectiveness (Vall (As)) of that 
particular alternative (As) while the Equity (Gall (As)) is derived from the Gini coefficient of final weighted scores of 
all stakeholders by each alternative. The effectiveness and equity of each alternative is then plotted and displayed in 
graphical presentation as shown in Fig. 6. Finally, the distance to the most preferable state can be calculated and 
summarized as shown in Table 12. 
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Table 6. Normalized score of decision factors by transit system alternative. 
 

Decision criteria Decision factor Unit Normalized score of decision factor by transit system alternative 

Surface BRT Elevated BRT Tram 

Measure Normalized Measure Normalized Measure Normalized 

1 Engineering 

 

1.1  Difficulty in 
construction 

Rating scale (-) 3 0.67 1 0 4 1 

1.2 Difficulty in utility 
relocation 

Rating scale (-) 4 1 3 0 4 1 

1.3 Flexibility in 
network expansion 

Rating scale (+) 5 1 2 0 5 1 

2  Economic & 
financial 

 

2.1  Capital cost Million baht per 
kilometer 

2,100 1 4,900 0.76 7,000 0.59 

2.2  Operating & 
maintenance cost 

Baht per 
revenue hour – 
transit unit 

2,255 0.95 4,650 0.65 1,860 1 

3 Environmental 

 

3.1  Air pollution Rating scale (-) 1 0 2 0.25 4 0.75 

3.2  Noise pollution Rating scale (-) 1 0 2 0.25 3 0.5 

3.3  Aesthetic impact Rating scale (-) 4 0.75 1 0 5 1 

3.4  Traffic impact Rating scale (-) 1 0 4 0.75 3 0.5 

3.5  Land acquisition Rating scale (-) 1 0 4 1 1 0 

3.6  Traffic safety Rating scale (+) 3 0 4 1 3 0 

3.7  Impact on other 
transit operators 

Rating scale (-) 3 0 4 1 3 0 

4 Service 4.1  Effective capacity 1,000 
passenger-
kilometer per 
hour per 
direction 

242 0.25 495 0.78 120 0 

4.2  Distance between 
station 

Kilometers per 
interval  

1 0.4 1.4 0 0.4 1 

4.3  Headway Minutes per 
transit unit 

15 0 10 1 10 1 

4.4  Convenience of 
access and transfer 

Rating scale (+) 3 0 4 1 3 0 

4.5  Equity Rating scale (+) 5 1 3 0.33 5 1 

4.6  Reliability Rating scale (+) 4 0.5 5 1 3 0 

4.7  Availability     
of spare parts 

Rating scale (+) 4 1 4 1 3 0.5 

4.8    Flexibility in  
operation  
plans 

Rating scale (+) 5 1 5 1 5 1 

4.9    Riding comfort &  
safety 

Rating scale (+) 2 0 3 0.33 3 0.33 

4.10 Evacuation    
readiness 

Rating scale (+) 5 1 5 1 5 1 
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Table 6. Normalized score of decision factors by transit system alternative. (Continued). 
 

Decision criteria Decision factor Unit Normalized score of decision factor by transit system alternative 

Monorail Elevated LRT All alternatives 

Measure Normalized Measure Normalized Maximum Minimum 

1  Engineering 

 

1.1   Difficulty in 
construction 

Rating scale (-) 2 0.33 1 0 4 1 

1.2   Difficulty in 
utility relocation 

Rating scale (-) 3 0 3 0 4 3 

1.3   Flexibility in 
network 
expansion 

Rating scale (+) 3 0.33 2 0 5 2 

2  Economic & 
financial 

 

2.1   Capital cost Million baht per 
kilometer 

14,000 0 12,600 0.12 14,000 2,100 

2.2   Operating & 
maintenance 
cost 

Baht per 
revenue hour – 
transit unit 

9,750 0 7,170 0.33 9,750 1,860 

3  Environmental 

 

3.1   Air pollution Rating scale (-) 5 1 5 1 5 1 

3.2   Noise pollution Rating scale (-) 5 1 4 0.75 5 1 

3.3   Aesthetic impact Rating scale (-) 2 0.25 1 0 5 1 

3.4   Traffic impact Rating scale (-) 5 1 4 0.75 5 1 

3.5   Land acquisition Rating scale (-) 4 1 3 0.67 4 1 

3.6   Traffic safety Rating scale (+) 4 1 4 1 4 3 

3.7   Impact on other 
transit operators 

Rating scale (-) 4 1 4 1 4 3 

4  Service 4.1   Effective 
capacity 

1,000 
passenger-
kilometer per 
hour per 
direction 

563 0.92 600 1 600 120 

4.2   Distance 
between station 

Kilometers per 
interval  

1.4 0 1.25 0.15 1.4 0.4 

4.3   Headway Minutes per 
transit unit 

10 1 10 1 15 10 

4.4   Convenience of 
access and 
transfer 

Rating scale (+) 4 1 4 1 4 3 

4.5   Equity Rating scale (+) 2 0 2 0 5 2 

4.6   Reliability Rating scale (+) 5 1 5 1 5 3 

4.7   Availability of 
spare parts 

Rating scale (+) 2 0 2 0 4 2 

4.8   Flexibility in 
operation plans 

Rating scale (+) 3 0.33 2 0 5 2 

4.9   Riding comfort 
& safety 

Rating scale (+) 5 1 5 1 5 2 

4.10 Evacuation 
readiness 

Rating scale (+) 2 0 3 0.33 5 2 

 



 Ackchai Sirikijpanickul Sarintorn Winyoopadit and Anchalee Jenpanitsub / Transportation Research Procedia 00 (2017) 000–000 17 

  

 

Table 7. Rank-order centroid (ROC) weights of decision factors under each decision criteria. 
 

Decision criteria Stakeholder Decision factor Priority ROC Factor weight 

1 Engineering 

 

Designers and developers 1.1   Difficulty in construction 2 0.278 

1.2   Difficulty in utility relocation 3 0.111 

1.3   Flexibility in network expansion 1 0.611 

2 Economic & financial 

 

Financial institutes 2.1   Capital cost 1 0.750 

2.2   Operating & maintenance cost 2 0.250 

3 Environmental 

 

Communities 3.1   Air pollution 4 0.109 

3.2   Noise pollution 5 0.073 

3.3   Aesthetic impact 6 0.044 

3.4   Traffic impact 1 0.370 

3.5   Land acquisition 2 0.228 

3.6   Traffic safety 3 0.156 

3.7   Impact on other transit operators 7 0.020 

4 Service Operators and users 4.1   Effective capacity 1 0.293 

4.2   Distance between station 7 0.048 

4.3   Headway 8 0.034 

4.4   Convenience of access and transfer 6 0.065 

4.5   Equity 5 0.085 

4.6   Reliability 4 0.110 

4.7   Availability of spare parts 10 0.010 

4.8   Flexibility in operation plans 9 0.021 

4.9   Riding comfort & safety 2 0.193 

4.10 Evacuation readiness 3 0.143 

4.3. Decision evaluation  

Evaluated by the proposed MAMCA model, the most satisfying and equitable feeder transit systems for Bangkok 
is tram, followed by surface BRT, elevated BRT, monorail, and elevated LRT, respectively. The evaluation result is 
resemble to that of the decision made by the London cross river system as reviewed by Luke and MacDonald (2006). 
It is found that tram results in the most equity and level of satisfactions among all stakeholders while monorail and 
elevated BRT results in the least equity and level of satisfactions among all stakeholders. 
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Table 8. Weighted score of transit system alternative by decision criteria. 
 

Decision criteria Decision factor ROC 
factor 
weight 

Normalized score of decision factor by transit system alternative 

Surface 
BRT 

Elevated 
BRT 

Tram Monorail Elevated 
LRT 

1 Engineering 
 

1.1   Difficulty in construction 0.278 0.67 0 1 0.33 0 

1.2   Difficulty in utility relocation 0.111 1 0 1 0 0 

1.3   Flexibility in network expansion 0.611 1 0 1 0.33 0 

Weighted score of engineering criteria 0.908 0 1 0.296 0 

2 Economic & 
financial 

 

2.1   Capital cost 0.750 1 0.76 0.59 0 0.12 

2.2   Operating & maintenance cost 0.250 0.95 0.65 1 0 0.33 

Weighted score of economic & financial criteria 0.988 0.735 0.691 0 0.170 

3 Environmental 
 

3.1   Air pollution 0.109 0 0.25 0.75 1 1 

3.2   Noise pollution 0.073 0 0.25 0.5 1 0.75 

3.3   Aesthetic impact 0.044 0.75 0 1 0.25 0 

3.4   Traffic impact 0.370 0 0.75 0.5 1 0.75 

3.5   Land acquisition 0.228 0 1 0 1 0.67 

3.6   Traffic safety 0.156 0 1 0 1 1 

3.7   Impact on other transit operators 0.020 0 1 0 1 1 

Weighted score of environmental criteria 0.033 0.727 0.347 0.967 0.769 

4 Service 4.1   Effective capacity 0.293 0.25 0.78 0 0.92 1 

4.2   Distance between station 0.048 0.4 0 1 0 0.15 

4.3   Headway 0.034 0 1 1 1 1 

4.4   Convenience of access and 
transfer 

0.065 0 1 0 1 1 

4.5   Equity 0.085 1 0.33 1 0 0 

4.6   Reliability 0.110 0.5 1 0 1 1 

4.7   Availability of spare parts 0.010 1 1 0.5 0 0 

4.8   Flexibility in operation plans 0.021 1 1 1 0.33 0 

4.9   Riding comfort & safety 0.193 0 0.33 0.33 1 1 

4.10 Evacuation readiness 0.143 1 1 1 0 0.33 

Weighted score of service criteria 0.406 0.703 0.399 0.678 0.748 

Table 9. Rank order and ROC criteria weight of decision criteria by stakeholder and transit system alternative 
 

Decision criteria Order and ROC criteria weight of decision criteria by stakeholder 

Designers and developers Financial institutes Communities Operators and users 

Rank order ROC 
criteria 
weight 

Rank order ROC 
criteria 
weight 

Rank order ROC 
criteria 
weight  

Rank order ROC 
criteria 
weight 

1 Engineering 1 0.521 2 0.271 3 0.146 4 0.063 

2 Economic & financial 4 0.063 1 0.521 4 0.063 2 0.271 

3 Environmental 3 0.146 4 0.063 1 0.521 3 0.146 

4 Service 2 0.271 3 0.146 2 0.271 1 0.521 
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Table 10. Weight normalized score and ROC criteria weight of decision criteria by stakeholder and transit system alternative 
 

Decision criteria Weighted normalized score ROC criteria weight 

Surface 
BRT 

Elevated 
BRT 

Tram Monorail LRT Designers and 
developers 

Financial 
institutes 

Communities Operators               
and users 

1 Engineering 0.908 0.000 1.000 0.296 0.000 0.521 0.271 0.146 0.063 

2 Economic & financial 0.988 0.735 0.691 0.000 0.170 0.063 0.521 0.063 0.271 

3 Environmental 0.033 0.727 0.347 0.967 0.769 0.146 0.063 0.521 0.146 

4 Service 0.406 0.703 0.399 0.678 0.748 0.271 0.146 0.271 0.521 

Table 11. Final weighted score by stakeholder and transit system alternative 
 

Transit system 
alternative 

Stakeholder 

Designers and developers Financial institutes Communities Operators and users 

Final 
weighted 
score 

Rank order Final 
weighted 
score 

Rank order Final 
weighted 
score 

Rank order Final 
weighted 
score 

Rank order 

Surface BRT 0.6501 2 0.8219 1 0.3220 5 0.5410 3 

Elevated BRT 0.3430 4 0.5315 3 0.6157 2 0.6717 1 

Tram 0.7235 1 0.7113 2 0.4787 4 0.5091 5 

Monorail 0.4791 3 0.2401 5 0.7307 1 0.5130 4 

Elevated LRT 0.3258 5 0.2463 4 0.6142 3 0.5482 2 

Table 12. Effectiveness and equity of transit system alternative and consideration for mutually satisfied alternative  
 

 Effectiveness (Vall(As)) Equity (Gall(As)) Distance to the most preferable state 

Surface BRT 0.584 0.172 0.450 

Elevated BRT 0.540 0.104 0.471 

Tram 0.606 0.090 0.405 

Monorail 0.491 0.192 0.544 

Elevated LRT 0.434 0.191 0.598 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Effectiveness and equity diagram of the transit system alternatives 

Level of 
Satisfaction 

(V) 

Gini Coefficient 
(G) 
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5. Conclusions 

This research introduces a transit system selection model that is developed on the combination of multi-attribute 
utility theory (MAUT) to normalize the score of the alternative in each decision factor and criteria, the rank-order 
centroid (ROC) theory to allocate weights to each decision factor and criteria and the proposed multi-actor multi-
criteria (MAMCA) decision model to evaluate the transit system selection that not only satisfies but balance all 
stakeholders’ needs. A decision to Bangkok feeder system choice is considered as a case study. According to the 
proposed evacuation model, the most satisfying and equitable feeder transit systems for Bangkok is tram, followed by 
surface BRT, elevated BRT, monorail, and elevated LRT, respectively. The proposed evaluation model is expected to 
fill the gaps of previous evaluation methods in terms of transparency in weighing process as well as opportunities for 
all stakeholders to participate. The structure of the proposed model is also designed to be simple but flexible and 
adaptable to meet the changing environments such as decision factors, decision criteria or even stakeholders involved. 
The proposed model in this research is expected to improve the functionality of traditional transport project evaluation 
methods currently used that usually rely upon subjective weights assigned to main evaluation criteria including 
engineering design, financial and economic assessment and environment impact assessment. It is expected that the 
herein approach will be adopted for selecting appropriate feeder transit systems in Bangkok as well as major transit 
systems for regional hubs in Thailand including Chiang Mai, Nakhon Sawan, Phitsanulok, Nakhon Ratchasima, Khon 
Kaen, Udon Thani, Phuket that are encountering chronic traffic problems and in quest of alternative transit systems to 
tackle them. 
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